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REMARKS 



The specification has been amended to change the title to one indicative of the invention 
to which the claims are directed, the trademark symbol has been incorporated where applicable 
and an abstract has been added in compliance with 37 C.F.R. 1.72(b) and 37 C.F.R. 1.121 as 
required. Addionally, claims 24, 27 and 29 have been amended and claims 25, 28 and 31-33 
have been cancelled. No new matter is added by virtue of the amendments to the specification 
and claims and entry is respectfully requested. 

The Examiner has objected to claims 24 to 30 under 35 U.S.C. 1 02(e) as being 
anticipated by Armitage et at. This objection is respectfully traversed in view of newly amended 
claims taken together with the comments provided below. 

Applicant has amended the claims to indicate that the soluble recombinant human 
CD40L is an 18 KDa fragment, consisting of amino acid 108 to 261 of SEQ ID NO:l. Support 
for the amendment can be found throughout the disclosure as, for example, on page 8, lines 27, 
32 and 33, where it is clearly indicated that the 1 8 KDa CD40L fragment is used. 

It is first submitted that Armitage does not teach specifically the use of the 1 8 KDa 
fragment. Secondly, Armitage teaches that monomeric soluble CD40L are antagonists of CD40 
(see column 10, lines 62 to 65). Armitage also teaches that oligomeric CD40L acts as a CD40 
agonist (see column 10, line 61). Applicant respectfully submits that 18 KDa CD40L was known 
in the art, prior to the filing of this application, to be a homotrimer (oligomer) in solution. This is 
clearly shown and supported by a paper by Mazzei et al 3 published in the Journal of Biological 
Chemistry on March 31,1 995 (copy provided herewith). Thus, it would have been obvious to 
one skilled in the art that the 1 8 KDa CD40L used in the present invention is an oligomer in 
solution. However, the present invention shows that 18 KDa CD40L inhibits alloimmune 
response and that therefore oligomeric 1 8 KDa CD40L is a CD40 antagonist which is contrary to 
the teaching of Armitage. Accordingly, the claims, as amended, are clearly not anticipated by 
Armitage et al. 
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The claims are further rejected under 35 U.S.C. 102 as being anticipated by Aruffo et al. 
Again, this objection is respectfully traversed. It is respectfully submitted that Aruffo et al. do 
not teach the inhibition of CD40L binding to CD40 with soluble CD40L, but rather uses soluble 
ligands of CD40L to prevent the interaction between T cells and B cells. Therefore, Aruffo does 
not anticipate the instant invention wherein 18 KDa CD40L is used directly. Furthermore, 
Aruffo does not teach the use of an 1 8KDa CD40L. Therefore, the amended claims are novel in 
view of Aruffo. 

The Examiner has further objected to claims 24-30 under 35 U.S.C. 103(a) as being 
unpatentable over Armitage et al. and/or Aruffo et al. in view of Black et al. This objection is 
respectfully traversed. 

As mentioned above, none of the cited references teach or suggest the use of 18 KDa 
CD40L to inhibit an alloimmune response. Furthermore, the fact that the 18KDa CD40L exists 
as an oligomer and is a CD40 antagonist clearly distinguishes the invention from Armitage et al. 
since Armitage teaches that oligomers CD40L are agonists (i.e. activate B cells). As indicated 
above, Aruffo does not teach the use of a CD40L ligand, but rather a ligand to a CD40L to inhibit 
B cell activation which is very different from the instant invention. Therefore, Armitage et al. 
nor Aruffo et al. in combination with Black et al. suggest or make obvious the use of 18KDa 
CD40L to inhibit an alloimmune response. 

In the event that there are any questions relating to this Amendment or to the application 
in general, it is kindly requested that the Examiner contact the undersigned attorney concerning 
the same to expedite prosecution of this application. 
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FEE AUTHORIZATION 

If any additional fees are associated with this submission, the Commissioner is 
authorized to charge fee deficiencies to the NIXON PEABODY LLP Deposit Account No. 50- 
0850. Any overpayments should be credited to said Deposit Account. 



Date: May 19,2003 Respectfully submitted, 



David S. Resnick, Reg. No. 34,235 
Nixon Peabody LLP 
101 Federal Street 
Boston, MA 02110 
(617) 345-6057 
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Recombinant Soluble 
Trimeric CB40 Ligand 
Is Biologically Active* 

(Received fox publication, November 17, 1994,, and in revised 

form, January 26, 1995) 

Gonzalo J. Mazzett, Michael D. Edgerton, 
Chrietophe L/Oflberger, Sybille Leco an et ~H b ncho z, 
Pierre Graber,. Anne Durandyi, 
Jean-Francois Gauchat, Alain Bernard, 
Bernard Allet, and Jean-Yves Bonnufoyll 

From Uu Glcoto Institute for Molecular Biology, Id 
Chemin dea Aulx, 1228 Plan Us Owxtt*, Ginttt*, 
Switzerland and §!NSERM Unite 132, Hopital 
Necker-Enfants Maladta, 149 Chemin de Stores, 
75743 Paris Cede* J5, France 

CD40 ligand (CD40L) is expressed on the surface of 
activated CD4 + T cells, basophils, and mast cells. Bind* 
ing of C40L to its receptor, CD40, on the surface of B 
cells aihrniLatea B cell proliferation, adhesion and differ- 
entiation. A preparation of soluble, recombinant CD40L 
(Tyr-45 to Leu-261), containing the full-length 29-kDa 
protein and two smaller fragments of 18 and 14 kDa, has 
been shown to induce differentiation of B cells derived 
either from normal donors or from patienta with 
X-linked hyper-IgM syndrome (Durandy, A., Schlff r C*, 
Bonjuefoy t J.-Y., Forveille, M., Rouaset, F M Mazzei, G., 
Milili, M., and Fischer, A. (1993) Eur. J. Immunol. 23, 
22&4-229d). We have now purified each of these frag- 
ments to homogeneity and show that only the l&*kDa 
fragment (identified as Glu-108 to Leu-281) is biologi- 
cally active. When expressed in recombinant form, the 
18-kDa protein exhibited full activity in B cell prolifer- 
ation and differentiation assays, was able to rescue of B 
cells from apoptoais, and bound soluble CD40. Sucrose 
gradient sedimentation shows that the 18-kDa protein 
sediments as an apparent homotrtiner, a result consist- 
ent with the proposed trimeric structure of CD40L. This 
demonstrates that a soluble CD40L can stimulate CD40 
in a manner indistinguishable from the membrane- 
bound form of the protein. 



CD40 ligand (CD40L, TRAP, Or gp39) ie a 39-JcDa glycopro- 
tein expressed as a type II integral membrane protein on the 
surface of T cells, basophils, and mast cqIIb (1-5), The interac- 
tion of CD40L with CD40 in association with different cyto- 
kines (for reviews see Refo. 6 and 7) is required for B cell 
proliferation and for production of immimoglobulinfl . Muta- 
tions or deletions in the CD40L gene cauae X-linked hyper-IgM 
syndrome, HIGMl 1 (for review, see Ref. 8). The majority of the 



* The coats of puVliwti<m of thin at tide were defrayed in part by the 
payment of page charges. This article must therefore be hereby marked 
m advtrti$tment m in accordance with 18 U,S,C. Section 1734 wlrfy to 
indicate this fact. 

± To whom correspondence should be addressed. Tel.: 22-706-98-35: 
taxi 22-794^69-65; E-mail: sjm2107@ggr.co.uk. 

D To whotn requests for recombinant CD40L should be addressed. 

1 The abbreviations used are: HIGMl, hyper-IgM syndnjme- 
6huCD40L-EC, soluble human CD 40 ligand extracellular domain; 18- 
kDu BhvCD40L, 18-kDn Bohiblc human CJMO lignnd; smuCD40L, sol- 



CD40L mutations in HIGMl patients, are located in the extra- 
cellular domain of the CD40L, resulting in a failure of the 
ligand to bind CD40. Purified 5 cells from patients with X- 
Hnked hyper-IgM Byn drome respond normally to agonistic anti- 
CD40 antibodies and recombinant CD40 ligand, indicating the 
lack of an active CD40L in vivo (9-11). The role of CD40L in 
vivo is supported as well by animal model studies using neu- 
tralising antibodies specific for murine CD4QL (muCD40L) 
that block both primary and secondary humoral response to T 
cell-dependent antigen (12-13). Together, these experimental 
studies and clinical results demonstrate the pivotal role of 
the CD40L-CD40 interaction in the regulation of humoral 
iipmunity (8, 12, 13). 

Based on its structural homology with TNF (14), CD40L h&a 
been predicted to exist as a homotrimer in the cell membrane 
(15). The interaction of CD40L with B cells can be mora readily 
investigated if the active site of CD40L can be produced in a 
soluble form. To obtain such molecule, we expressed in Esche- 
richia coti the extracellular domain of CD40L (ahuOD40L-EC: 
Tyr-45 to Leu-261). In addition to the expected full-length 
extracellular domain (29 kDa), two other CD40L fragments of 
18 and 14 KDa were observed in coli extracts, This mixture 
of the CD40L fragments was shown to be active in a B cell 
differentiation assay. Following purification of the 29-, 18-, and 
14-kDa fragments, only the 18-kDa fragment was able to rec- 
ognize CD40, both in solution and on the surface of human B 
cells. The 18-kDa fragment showed biological activities similar 
to those described for the membrane-bound form of CD40L, 
including induction of B call proliferation and differentiation, 
rescue of B cells from apoptosis, and binding to soluble CD40. 
The amino acid sequence of the 18-kDa fragment coincides in 
size and homology with the mature TNF molecule and behaves 
as a homotrimeric molecule. 

MATERIALS AND METHODS 

Construction of the Extracellular Domain of CZ)40X— The extracel- 
lular domains of human and murine CD40L were amplified by polym- 
erase chain reaction from the foil-length gene» (1, 16), digested with 
Noel and Xbtd and cloned into p'236clts vector containing p L (17) for 
expreMrion in E, coli. All construct* were verified fay DNA sequencing. 

Purification, of the Recombinant 29 -kDa ahuCD40L-EC and Frag- 
ments — The purification was performed as folio wo. Fifteen g of cell 
paste was resuspended in 50 ml of lysis buffer (SO mM TriB-HCl. pH 7.5, 
2$% (v/AO Bucroee, 1 mm EDTA, 1 mis EGTA 5 mM banzamidine-HCl, 
1.6 mM phenyl TTtflthylaulfonyl fluaride, 0.5 mg/ml lyaazyme, and 0-1% 
sodium azide) «nd incubstsd at room temperature for |60 min under 
mixing. The lysste was ccntrifaged at 27,000 X g for €0 min- CD4QL-EC 
was recovered as an insoluble pellet. U was washed Sevan times with 
200 ml of 20 mM Tris-HCl, pH 7.5, & rnM EDTA, 2 mM EQTA, 1% (v/v) 
Triton X-100, 2 mM bertzamidine-HCl, 1 fLgfwl leupeptin, 1 Waal pep- 
statin, 1 mM phcnyraiBthylsulfonyl fluoride, and 0.2 |u NaCl. The 
hashed pellet was sohibilixed in 20 ml of 26 mM trie thyl amine (pH 11.5) 
containing 7.6 m urea and 10 mid CHAPS, spun, and supernatant was 
loaded (0 a Q-Hyper D Column (2.0 X 5 cm, Sepracorj &.A., Franca) 
preequilibrated with soIubilizatiDn buffer. Bound protein* were eluted 
stepwise with a pH gradient of 25 mai triethylAmine &t pH 11, 25 mM 
triethylamine at pH 10, and 25 mu Trin-HQ, pH d.5, containing 7.5 u 
urea (deionized with Amberlite AG501-XB) nnd 10 mM CHAPS. Protein 
peaks were analyzed by 3D 3-PAGE, pooled, and dialysed aeainat 6 
litcre of 0.5% (v/v) acetic acid. 



uble murine CDdO liftwid; TNF, tumor nAcCTuris factor; CHAPS, 3-CCS- 
cholamidopropyl)dimethylammonio]-l-propaneaulfonic acid- PBS, 
phosphate-buffered Valine; IL, intcrlcukin; PAOE r polyacrylaaude gel 
elsctrophorasis. 
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Puri/ltacction of the. 28-JlDu BhuCD40L — IUcoihbinwit 18-kDa 
shuCD40L was purified ns described above from 78 g of cell paste with 
minor ntodlficatluntf U> ensure proper renaturation; washed pcHct was 
extracted with 100 uui Tria-HCl, pH 7-5, 5 ™,\t EDTA, 1Q mm dithlo- 
thrvitol, and 6 M gudnidiniusi HCI, the IS-kDa lnunomarfl were tsepa- 
rated on a Sephacry] £-200 (5 * 90 crti) equilibrated wU,h 100 mn 
Tri$*H01, pH 7-!5 T 5 TOM EDTA, 1 tom dithiothrsitoV and 6 M guani- 
dinium HCL Monomer wore polled And debited on a Sephadex 0-25 
(5 x SO cm J equilibrated, with 50 uim Tris-HCJ, pH 9.6, and 7 w urea. 
Tho protein pool Vnb loaded onto a Q-Hyper 1) column (5X4 cm) 
equilibrated with same buffer. Tbo J,3-l<Dti prnUiin wm eluted with the 
equilibration buffor cuotammg 100 mM NaCV and the buffer v^a ex- 
changed on a Sephadex G-25 <5 X 50 urn) to SO mM *odium phosphate, 
pH 6.6, containing 6 M urea, RervxturatioJl was done by diluting the 
protein pool to 20 >ig/ml and to 4 M uroa with 50 tum phosphate buffer, 
-pH 9.5, And then Addftd dn?pwi»e. to an equal voJurue of fiO niM sodium 
phosphate, pH 6.5, containing O.l mM reduced E^utfiihioae and mM 
glutathione disulfite (redox b offer 1 plus 4 M urea and 2.5% (Wv) jinv 
nionium sulfate. Urea was dialyzed Dm stepwise by two subsequent 
change* of 60 liters of redo* buffer. Glutathione was thon removed by 
dialysis against several changes of 25 inM sodium phosphate, pH 6.5. 
RenatucatCid *huCD40L wad concentrated and clarified by contrif Ra- 
tion, filtered through Millex 0.22-/im sterile filters fMilUpore), and 
Stored at -80 *C. All mitnipuluticn? were done dt 4 *C or as otherwise 
Indicated. 

$CP40/tiCD<fQL Binding At/wy-^urifuad 13-kDa. shuCt)40L was 
coated on a 96-^ell plats iMwdSotb, Nuyin) and detected by incubating 
With ^CDdXKFc (I) £<id then developed with, goat anti-mouso Fc perox* 
idAfle-conjugated antibody. Specificity or binding w^at determined by 
CompeUwen wil;h ?vn execs* of I8*kt>a shuCtMOL added with the soluble 
CD40-Fc. The binding assay is briefly aa follows, The l8-kDa*huCD40I, 
w(is diluted to a concentration or 60 ugAol in 0-2 .« sodium phosphate 
buffer, pH 7. Serial dilutiona containing 100 uVwell wore made and 
incubated ovcnii^t nJLA*C The welU were then waehed with phoa- 
phnte-bufrered saline, 0.06% (v/v) Twc^n SO iTPBS) And blocked with 
150 >»■[ of FBS, 1% (Wv) normal goat aerum and 2% (v/v) bovine isorum 
albumin (NBPBS, ftr 1 h at 37 fr C). A^r tvftshinff' wi^l TPBS t 1 00 of 
aCD40-Ft at (2 figfad diluted in NBPflS) was added, Following a ]-h 
incubation at 4 '^C, bound CDW-F* ^nv det^efce^ by peroxidase-conju- 
gfttcd (^Xit nnti>mou»*ij! antibody. 

Transfiicttim of the Human CI.H0L in COS- 7 Cr,lk—CQfr1 tejla were 
trttrisfected by electro p oration with either empty pcDL-aRtt296 vector 
or pcDL-Stta296 containing CD40L cDNA (ATCC 79814). TVjhm- 
fedjcd C03-7 £Q\h wort harvested h post-transfection mid lixed with 
0.5% paraforniEldebyde (IS). Mvmbrline CD40L (dtprestion was 05' 
wised by fluprctoenias-frctiv&ted celL borting u&mg soluble ClMO-Fc (1), 
The Bxed ceiU propantlion «blo to utimwlntc B cell prqliferAtion and 
ty!5 profioctior) In a do^e-depeftdent manner (data noL shown). 

B Cell Proliferation Assay— PutrifWd ton^llar B cell* ^erc nthnalatcd 
foi- S day* with IL-4 and variouii concentrations of recombinant soluble 
CD40L, anti-CD40 antibody (0. 1 jL^/ml, B-B20, Serotec, Oxfei-d, United 
Kingdettt) ftr various number of fixed CD40Lrtransfected COS-7 colls. 
Prohferntiafn wae assessed by incorpomfcion of C fl H3tbymIdine Tor 6 h 
(1-2), 

B CgU Differentiation Assay-— The asewty was performed with purified 
Uinaillar B cells stimulated with Ilr-4 plus anti-CD 40 and recombinant 
soluble CD40L, ImmunogJobulinis E, G, A, itnd M ^"erc qunxitified by 
specific e my me* linked i^riiuiioaarbeat assay ns described previously 
U3X 

Apoptteis Ac^SO^— Reodmbioft^t soluble CJMOL and anti-CD40 were 
tested for tlie ability tt> rescue purified germinal vmiLur B colli from 
ftpoptosifi as deacxibed &0), 

The sucrose gradient wsh performed as described for TKF f2l). 

JteSCLTS AND PJSCOSSION 
Extracellular Domain of the Recombinant CD40L—TH& <lk- 
tmceJIular domain of human CD40L (sCD40L-EC> Tyr-45 to 
L*u-261) expressed in jE- coli, was found as an insoluble pro- 

tfein. In addition tu tha fuU-leagth form (29 kDa}. two b-rnaller 
fmgmentB o/ 18 and 14 kDa were found and identifiecl by 
Nominal sequencing a» beginning ot 13NSFEMQ atid 
SNNLVT, respectively (Figs. 1 and 2). The 18-kDa fragment of 
sCD40L-EC is probably derived by processing of the 29-kDa 
form by an enddgenone & coli protease, since the fragment i$ 
precodod by two lysines. The observed proportions of the 18- 
kDa fVapment varied in an E. coli strain- dependent manner 



Recombinant CD 40 Ligand 

1C TM EC 

Ejdraceriulor domain w«YLHr?r?i,o i LLKL-20 ) Tf too 

{108-ENSf ■ - I ILKL«?6I 16kD<J 

t*?-$NKU J t '"I UKL-261 M (cOa 



sHuC040L lOfi-tNSRiMClK© L ■ I LL«L'26n8kOa 

IMUCD40L-I B7-MRRO I I LLW.-260 Zl kDO 

SMUCD40L-3 US-MQOG rw*> ■ ■ m^_l UKL-260 1 7 kDa 

FIG. 1, Schematic representation of ojctraceUulea- domain of 
hum cm nnd murine CD40L consiructs aad Fragn^^nU- The iaitiaj 
construct of the extracenular domain of the hutnwi CD40L encode* 
Tyr-44 to Leu'36.1 (sbuCI>40L-EC). Expression in £. coli guvc the 
full-length (29 klta) and two fragments of IB and 14 kDa, which began 
at Glu-lOo" and So r- 149, respectively. Constructs wore made encoding 
the human fr^ifnient orCD40L (sHuCD40L) and two nlvKtte 

constnwt* encodinff M>i-S7 to Leu-260 felVluCD4nL-l> and Met-112 co 
Leu-280 (SMUGD40TJ-2), co^-espotiduiE to the TNFa homologous aa- 
77i tun, fxvin Vul'77 Ui Leu^233 (15). 
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Flo. 2, Purification of sCtHOL-EC and its fragmentB. Soluble 
CD40L-EO wan purified ca a Q-Hyper D anion exchanger as described 
under "Materials and Methods." Panel A shows eJutaon profile. Frac- 
tions were analyzed by SDS-PAGE and pin-eat fractions of 29, 16. and 
14 If Da were each pooled and concentrated to 1 imjj/thJL PtM*I B show* 
the SDS-PAGfi analysis of the tOtAl washed jpellet oa lane 2. and tlitt 
14-, lo-. and 29-kDa *HuCO40L p tote In pooha on, lanes .3. 4, and 5, 
respectively, obtairved from elution at prl 11, 10, and 6\5 04 rfwwn in 
panel A. ^ corresponds fen pmtoin stand nrds from Pharmacia. 

(duta not shown). The 14-kDa tragraent may bo due to an 
internal start as tjuggesfcoel by the presence of a Shina-Dal- 
^arno-likc sequence close to Met-148, S'-AAA GGA TAC TAG 
ACC ATG . A partially purified mixture of these three proteins 
(Fig. 2B, lane 2), when added togethar with or LL-4> was 
active in both a human B cell proliferation assay (data not 
shewn) and an immunoglobulin switching aasay usin& B cells 
derived from norma] individuals and from patients with X- 
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TablB I 

Immunoglobulin production by HIGM patients' B cells with 
IL'4 and recombinant CD40L 
Peripheral blood mononuclear cells were stimulated for 7 doyfl with 
IL-4 alone or 1L-4 pluB recombinant CD40L protein mixture. Immuno- 
globulin concentrations were detarted in auperaatftnts by EI4SA aa 
aeucribed under "Materials and MBthoda.* 
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linked hyper-lgM syndroms (Table I and Ref. 9), indicating 
that the recombinant SCD40L-EC was able to trigger B cell 
activation through binding to the membrane CD 40 on B eell3. 
To understand which of the fragments of the extracellular 
domain of the CD40L trigger the biological activity, the recom- 
binant extracellular CD4QL form and the two fragments -were 
further purified to homogeneity. 

Purification, Biological, and Physical Characterization of the 
Active Recombinant Soluble Human CD40L — Protein purifica- 
tion was performed on a Q-Hyper D anion exchanger &b de- 
scribed under "Materials and Methods.'* The aCD4QL i4- f x$- a 
and 29-kDa fragments were elated from the resin at pH U, 10, 
and 8.6, respective^ at constant ionic strength (Fig. 2). The 
three purified sCD40L fragments were tested in the CD40L- 
CD40 binding and B cell proliferation assay over a concentra- 
tion range of 1-100 fig/ml and 1-10 ug/ml, respectively (Fig. 3). 
The 18-kDa fragment was active in both assays, whereas the 
29- and 14-kDa fragments failed to show any activity, indicat- 
ing that the 18-kDa fragment is the active component of the 
mixture. 

To further characterize the active extracellular domain of 
CD40 ligand, constructs of the 18-kDa soluble human CD40L 
(ahuCD40L: Glu-108 to Leu-26l) and the murine eCD40L, en- 
coding homologous residues (smuCD40L-l: Met-87 to Leu-260) 
were made (Fig. 1). The. purified 18-kDa shuCD40L and 
smuCD40L-l confirmed that the 18-kDa CD40L fragment de- 
rived from tho aCD40L-EC was the biologically active protein 
(Fig. 4). Purified 18-kDa shuCD40L and emuCD40L-l were 
able to bind soluble CD40-Fc and stimulate B cell proliferatian 
in combination with IL-4 (Fig. 4, A and 5) with an ICjo of about 
10 and 5 ugfml f respectively. No signal was observed when 
CD40-Fc wae not present in the binding assay {Tig. 4A) or when 
excess of sCD40L wae added to the binding assay (data not 
shown). The 29-kDa extracellular domain (aCD40LrEC) and 
the 14-kDa fragment did not compete with 18-kDa shuCD40L 
for binding to CD40-Fc (data not shown). These results indicate 
that the 18-kDa domain of CD40L recognizes both the soluble 
and membrane-bound forma of CD40. A second protein con- 
struct of the murine CD40L (amuCD40L-2) that differs by five 
amino acida at the N-terminal end of the lft-kDa. ahuCD40L 
(Fig. 1, 108-ENSFE), was found to be inactive at all concentra- 
tions tested (data not ah own]. 

CD40 plays an important role in B cell differentiation and in 
the survival of germinal center B cells, as shown by the effects 
of croaa-linkin^ CD40 with agonistic anti-CD4Q antibodies (22- 
23). Recombinant shuCD40L wae tested for its ability to induce 
B cells to differentiate and to rescue germinal B cells from 
apoptosis. Addition of 1 and 5 ngfml ahuCD40L to purified 
human B cells allowed production of 28 ± 1 and 45.6 ± 2 ng/ml 
IgE (n = 3), reapectively (Fig. 4C). Similarly, germinal center B 
cells were rescued from apoptosia in a dose-response manner by 
recombinant 18-kDa shuCD40L (Fig. 4Z)). These values were 
comparable to those obtained by addition of agonistic onti- 
CD40 antibodies (Fig. 4, C and D\ Kefs. 9, 22, and 28). Further- 
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(»CD40U,uoVmt (bCCmCLJ. W /ml 

Fig 3. Biological activity of eCD40L-EC &nd iU fragments. 
Panel A enOWS the binding of sbuCD40L-EC (O), 18-kDa (O), 

and 14-kDa O fragments to aoluble CD4D-Pc as described under 
"Malariala and Methoda." Panel B Bhowfl activation of human tonsillar 
B cell* atimulated with ILhI (100 units/ml) with or without increasing 
concentrationa of the 29-kDa (O), 18-kDa (O), or 14-kDa (□) CD4QL 
fragments. Both bioaewiys *howed a saturable activity for 18-kDa frag* 
m*nt of shuCD40L-EC with EC^ = 5-10 fLgfmL 




FlG. 4. Biological activity of recombinant 18-kDa ahnCD40L 
emwCD40L» The 18-kDa (f>hvCD40L) and murine (smuCD40L-l) 
recombinant extracellular domain constructs (Fig;. 1) were expressed 
and purified aa described under "Materials and Methods." Pamtl A 
bIlowb the binding of CD4D-Fc to 18-kDa ahuCDdOL (O) and 
amuCD40L-l (O). Control without CD40-Fc (□) showed do detectable 
visual. Panel B shows B coll proliferation induced by stimulation with 
IL4 (100 uaiiftAal) pluo lB-kD* «huCD40L (block bars) or BmuCD40L-l 
(open bars) (n = 3). The 18-kDa smiCD40L was also able to induce H 
cells to dirftrentintc and produce hnminioglobulina (panel O and rescue 
germinal B cell* from apoptojri* (panel D) (n = 3). The detection limit of 
IgE in panel C was around 0,2 ng/ml 

more, a direct comparison of the 18-kDa shuCD4QL with the 
membrane-bound full-length CD40L expressed in COS- 7 
showed that the two molecules displayed similar biological 
activity as shown by the B cell proliferation assay (Table II). 

The soluble human CD40L correspond* to the region of 
TNF« homology (Val-77 to Leu-233). This region has been used 
to construct a three-dimensional model for CD40 ligond (15) 
which predicts a horaotrimeric structure for CD40L. To inves- 
tigate its quaternary structure, 18-kDa shuCD40L was ana- 
lyzed by gel nitration; the molecule migrates with an apparent 
molecular mass of about 50 kDa. The 18-kDa shuCD40L iso- 
lated by gel filtration was active in the CD40L-CD4O binding 
assay (data not shown), indicating that the 18-kDa shuCD40L 
probably associates as a high order molecular complex. Further 
studies by sucrose gradient sedimentation studies suggest that 
the 18-kDa shuCD40L is homotrimeric (Fig. 5). Equal amounts 
of the 29-kDa (shuCD40L-EC) or of the 18-kDa (ahuCD40L) 
fragment were ovoriaid in a 5-20% sucrose gradient and can- 
trifuged for 40 h at 40,000 rpm in a SW 41 rotor. The 18-kDa 
sedhnented as a unique molecular species, migrating with a 
molecular mass of 54.8 n 0.6 kDa, which coincides with the 
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Table II 

Stimulation eftowilUtr B cclh with ant>CD4C mAb> IS-itDn sclublf 
or COS'? culls Cra/infected with fidl-lcngth CJ)*WL 
Purified tonsillar B celh (E 1 wore mcu'btited wjifc IM f 100 unilMnl) 
alone or in combination with imti>CD4u mAb (OA wfrnU B-B20, S«ro- 
t*fcJ„ 18-kDo 6olubl« CTWQM10 ^/hiI), or transacted COS-7 c*U* fixeft 
4S h posMrfinfifcction with either empty pcDL-SR« 2% vWtor or aam« 
vwtpr containing the full-length GD40L U « U). ProKfer&fcwn assay aud 
COS-7 cell* rransfectlon were don* us described u ndar "Malariale and 
Methods /* 



Unstimulated 
IW 

Hr4 + J&^Da soluble CTMOL 
IL«l * oon Lrol COS-7 transfectantp 

& * 10* cells 

1 * It) 4 cells 

1- CfMOL COS-7 tranitfectanU 

5 >t 10* cells 

1 X I0 n cell* 



Thymidine incorpot , tttjon 

47 * 19 

Sill i 1H1 
12,077 ;t 765 
21,620 i 73X0 

638 = 254 
Gil = 329 

42*517 5: 19, 11S 
28,14$ - (J476 



binding to GD40. However, despite oxfcensivu refolding studies, 
we cannot rule out the possibility that the 29-kDu 
$huCD4QL-!EC fails to form trimers and to bind Ct>40 due to 
improper folding. A CD40I^Cl)3 chimera of Ibc cxtracellular 
domeria of human CD40l> was reported to be active and trimeric 
(41- Thus, the CDS domain may stabilize the trirn&nc form of 
CD40WEC. 

We have shown here that CD40L sequences corresponding to 
tho TNF homology region can be expressed as a soluble t rimer) c 
molecule with biological activity. lis activity correlator with 
that of the raetrtorane-bound CD40L; it can replace CIM0L*-T 
cells \n th& activation of B cells. These findings aro supported 
by the fact that the soluble form of CD40L, activates B cettfi 
derived from HIGM1 patients whose T cells lack active CD40L 
(Tablo 1. Ref 9). Our results suggest that, if a soluble form of 
CD40L Gjdatfl in viae, it could he active. Armitago et til. (24-) 
described an activity from murine thymoma cell tine (J3L4) 
conditioned media 'that binds CD40 and stimulate human arid 
murine B cells, supporting tha possible exisiaact of a soluble 
form ofCD40L. 




FlG. Ej. Suorosc gtadiexit ttedlwantation of soluble CD40L One 
hundred ^ ofeithtr WtD& ahuCDiWL or 29-kDaahuCD40t/EC w*rfc 
mixed with protean standards and lo,y«r*d onto « taexaso gradi- 

ent in PBS. After centrifuge twn for 40 b at 4<),0OO rpm la a SW 41 rotor, 
fractions of 300 jd were collected and analyiod by SDS-PAGE. A, 
molecular ui&ec of gldboJiU" protein standards vtbb plotted against h&$- 
lion number. Sed^utot^tiunpointe of the 18-kBaihuCD40L(54^ £ 0,6 
kDtt) and the 29-k.rjo fthuCTMOr^EG (30.8 ± 2 kDa) eir* 1ndi«otad. 
CftlculAT^d molecular maaa of the two proLoin« wws obteined from throe 
independent gradieiita. and C. fractioni; from representative grani- 
tfolM Wtfre separated by SDS-PAOE ftnd ailver-RUhvcd. Positiona of tho 
18-kDa AhdCD40L and 29*fcDft shvCD40l-EC are indicated by wrows. 



ptfidictad trimeric conformation, In contrast, the 29-kDa sedi- 
njented with a molecular mass of 30.S ± 2 kDa, suggestive of an 
extended monoxneric forni CFig. 5). ThdstJ results suggest' that 
the trimeric conforniation of the ligand may bo required for 
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